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Introduction, ai 0   0 

This report is a summary of the state of the art.and of 

trends in dcvelopn'-ont in the field of caalJJr^^_control in 

complex, highly automated production syf.terrts. Special em- 

phasis is given to the.   development jind use of modern optical 

sensor systems and com.pcncnts in industrial metrology. 

The report com.pares and contrast-.--; accom.plishments in the 

field in both the USA and the Feaoral Republic Of Germ.any. . 

The comparison was made possible by an extensive visit to 

the USA arranged by the US Air Force European Office of 

Aerospace Research and Development (EOARD) at the request 

of the Air Force Integrated Computer, Aided Manufacturing 

Project <ICAK) . The author-, visited Air Force, industrial 

and governm.ent laboratorias engaged in research in modern . 

quality control techniques. This visit is summarized in the . 

next sectiovi of this report. . - ■' -      ' ■  ■ 

Sections 3 and 4 discuss trends in develcpment in the field 

of quality control and quality assurance and activities 

resptjctively, at the Insti-tut fur Produktionstechnik und Auto- 

matisierung {IPA) . Section 5   contains detailed exam.ples of 

visual inspection system.s for quali.ty assurance. 

The IPA in Stuttgart, West Germany, is an Institute of the 

Frnunp.cfer Society. Applied research i.n the field of pro- 

duction techTiology and organization is done with a staff of 

about tv/o hundred people. Support for this research comes 

either from direct contract v;ith industry or is spon.sored by 

public funding. .     ; 
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One of the main working areas is the application o.f industrial 

robots in highly flexible production systenis.  A lot of per- 

ipheral problems are significant for the integration of such 

systems; human aspecus as well as economic considerations 

have to be dealt with. 

The flexibility of an industrial robot is limited, by the 

ability of its sensors to react to changing working conditions, 

The wide range of optical sensors together with sophisticated 

electronics show the way for solving such problems, today. 

Furthermore, the basic components of soft- and hardware of 

these modules are used in Uie field of measurenent and qual- 

ity control.  The automation of visual inspections seems es- 

pecially now to be possible under economic conditions.     '._ . 
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Journey Report dPil 

on behalf of EQARD, ffiemb^rs of th?: IPA s;;fe..ff went dt. a jour- 

ney throuqh the USA to yain a deeper insight in the American 

activities in research ami development in the field of robot 

and sensor technolony. Daring this journey, they visited .. 

several industrial businesses- and research institutes, not 

all of which were working under the ICAM project. The itin- 

erary is shoxvn belov;: ' .  . 

■  ',...■• . ;--        ITINERARY ■■  ■■ . _ // 

DATE 

6.10 

7.10 

8.10 

9.10 

10.10 

13.10 

14.10 

15.10 

17.10 

Materials Laboratory (METC) 

Wrigh:t-Patterson AFB 
Dayton, Ohio ■ ,.    . 

Cincinnati Milacron. 
Cincinnati, Ohio 

McDonnell Douglas- Aircraft and 
Automation       ■ • 

-St. Eouis, Missouri  ■   ■ . 

Chrvslor Corr.>oration 
Hunts-zille Electronics Division 
Huntsvilie, Alabana 

General Dynamics 
Fort Vvorth, Texas 

Stanford Research Institute 
Menlo Park, California 

and 
Unimation Vvest 
Mountain Viev; , California 

Stanford University 
Dept. of Mechanical Engineering 
Dept. of Computer Science, Arti 

Intellicence Laboratory 
Palo Alto, California 
Jet Pronulsion Laboratory . 
Fasaden^i, California 

National Bureau of Standards 
Washington, D.C. ■ 

and 
ficia] 

Lt. G.E. "layer o f the Materials Laboratory, AF Wright Aero- 

nautical Laboratories Wright-Patterson AFB <- a'.-e an intro- 

duction to the ICAM pro:c ct.  In this cor: mcctiun, he also 
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emphasized the cooperatien. vn.fch General Dynamics (Fort v;orth, 

Texa;;) and McDonnell Douclasi. Autoihatioii Corporation {St.   Louis,  . 

nisoouri) , v;here aircraft, parts are drilled by Cincinnati 

Milacron robots or riv-eted in raahufaeturinc cells.-  Specially 

developed sensors /I/ and the use of several TV ca.n.-ras for 

part identification are some characteristics of the advanced 

state of develcpinent of American robotic svstern3./2/. 

The handling of parts using very.simple ' sensor aquinment was 

demonstrated at Cincinnati Milacron.  Merton D. Corv/in, manager 

of the Department of Robot Research and Development informed' 

in detail about future trends in this area.  Cincinnati's nevi 

machine, the T^R', has a verv comfortable continuous path con- 

trol V7ith a  lot of softvj.are diagnostic tools for supervision. 

Transformation of work-piece coordinates to robotic coordinates 

is fully achieved by the control processor.  Significant fix- 

Doints, e.g. the tool center, can be shifted anyv.'here v.'i.thin 

the workspace. 

Chrysler Corporation, Huntsville Electronics Division, Alaba?ia, 

demonstrated some optical sensors and sensor systems, one of 

V7hichi v/as fully integrated in a production line..  This system 

was being used for inspecting PCB's.  A tvo-dimensional laser 

scanner detects the presence or absence of a lead in the respec- 

tive boring.  The geometry of the' bore pattern is p3;ogri^mmed 

via a "teach-in" procedure.  Errors, if any, are given the an- 

prooriate numiber from the bore pattern.  These numbers are also 

made available for further use. 

Another system, v-as at the mioment in the testing phase.  Its 

purpose is to scan large parts.  The advantage of this system 

is that it can be used v;ith- rclat.ively simple data processing 

eau.uom.ent.  It shiould be noted r.liat both these projects are 

not supported by IC;\M. 

At General Dynamics, Fort VJorth, Texas, tv.-o IC.AM-funded projects 

are in application, another one is under consideration and v/ill 

be carried by General Dynamics itself. 

.Ml three are manufacturing cells for drilling of aircraft parts 

with different sizes and shapes using Cincinnati Milacron robots. 

Due to the lack of position accuracy renuirod for high prec-ision 
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drilling, inochanical aids are -ised f or ■ quiding and fixing the 
drilli::g tool as well as oth^r grlpp^r-tool combinations which 

can be interchanged autona:.:i caily. '. 

concerning investments. Gen.'ral Dynamics does not seeiT> to be 

a typical anplier; the p rates accepted might not be 

transferred to other branches of industrial proc 

out fvirther considerations. 

At Stanford Research Institute, Menio Par::, Calif ornia. David 

Nitzan, Program Manager for Industrial AutUnation gave a brief 

overview of future tasks and projects.  The autoir,ation of 

visual inspection is one the most significant topics for the 

coniinQ years. 

At Stanford University, ^robots are. used for the complete assem-^ 

bly of flashlights, sprinkler heads, etc; these robots make   ■ 

direct responses to speech commands /3/, and they pernit mani- 

pulations while moving. .   . .  ' 

Changes in reference point and in position, which may be caused 

by collision of the robot or maintenanee, are corrected auto- 

matically with "Puma" of Unimaticn West (Mountairv View) .  The 

robot can also be adapted in its movements to a running assem- . 

bly line, and it can thus move in synchronism with the assembly 

line , 
The progress made by NASA's Jet Rrooulsion Lab (Pasadena, Cali- 

fornia}, where research and development activities are made 

in connection with space operations, deserves svrecial mention. 

One of the interesting developments is a manipulacor mounted.. 

■ on a vehicle, equipped with force and torque sensors and opti- 

cally linked with the outside world via two camera systems, 

and the "voice control" for acting on a "space shur:tio" con- 

■--troller bv acoustic means.  A microprocessor-controlled device 

for detection of the contacted surfaces to be used within the 

■ griDoer zone of industrial robots was demonstrated; this device 

also"shows the gripping forces active at a given moment in a 

contact m.atrix.:.      ' .,,., . 
The problem of the gripper-interface standardization, which is 
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not only specific to the USA, ia dsRlt with by the Natienal 

Bureau of Standards (NBS, 'rfashington, D.C.}; this Bur-cau has 

been extrcKely successful in the dev-elonment of grippfir sys- 

tems (as e.g. in Puma robots). 

References relating to the text: 

/I/ Nitzan, D. 

72/ Eastwood, M.A. 

/3/ Nitzan, D.; 

Rosen, C.A.: 

Proceedings of MIDCON/79, Chicago, IL, 

6.-8. November 1979    . 

McDonell Douglas Zvutoniation Co., St. Louis, 

September 8, 1980; Robotic System for. Aero- 

space, Batch Manufacturing  . 

IEEE Transactions on Computers, Vol. C-2S, 

No. 12, December 1976 

/4/ a) Freese, F.; 

Geise, P.: 

b) Geise, P.; 

George, E. 

Chrysler Corporation/ Kuntsville 

Electronic Division; A Laser-scanner 

for automatic inspection of printed 

wiring boards 

Chrysler Co., Huntsville Electronic 

Division; Axle Shaft Optical Inspec- 

tion System 
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Within the US, the ICAM Program is. the most comprehensive ■ 

effort to in^prove prcductivity thrc^qh utilization of an- 

vanced teclmologv.. The following is a descr:.ption of the  ^ 

ICAM Prograrr, as perceived by the authors.  .   ■ ., 

Influenced by the rapidly changing conditions of science 

and technology and the steadily growing cornnetition from ab 

road, the ICAM project was created under the leadership of the 

USAF and with the support of the United States Department of 

Defense. When the project began in 1977, the starting point 

was a cooperatioa among private and public institutions and 

American industrial businesses aiming at the rapid advancement 

of.scientific and tcchnologrcal progress and its introauctxon 

into application-related practical work.  ^ . 

It is quite natural in such a complicated venture that the 

first task was to clarify questions of organization and to 

lav down a uniform course of action. Tl.is included the stan- 

dardization of pro.ranmiing languages and development of an- 

architecture of manufacturing which are used by everyone in- 

volved in ICAM. , 
In the forparound are such factors as econoB^y in tne design 

ana aeve lopment of comi=lex flexible production systems 
the 

replacement of man, whose capability is restricted with re 

spect to specialized sensor problems, by highly specialized 

sensors; the reduction in the implementation period of compa- 

tible, standardized methods;  etc., where these factors arc 

regarded as ideal goals. Particularly in the production or^ 

nulitarv products and the problems that exis. in this iieia 

(small batches, frequently changing products, great accuracy 

and reliability, e^c), improvements are to be obtained on 

these linos. ,,.. 

The field of sheet-metal working has been chosen to serve 
ictivenoss of ICAM as an example in demonstrating the e^.tcc 

jmponentS' developed along this line 

as it has 
techr-.ology. The m.odular con _ 

will then be ready for use in the ICAM factory, 

been called. 
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■ .,'-r-   n-n-r,T"  cnerqfti-i   in the   sott- 
Up   to   the   end   of   iyo-w,   pro,,,,    , - .    ^ .,...„„■   . 

„»„ fieia. TMs involve,, the, -f=-—^-^f"°^;!::;';;;:;„,,. 
pro,r.™. and thoir potential Intearatlon .nto tho 1 ,.. l-.-,; 

: e p.o,r3„s a.e .oa.la. in strn.t.ro, =o that "»■---;,, 

tatiL of S3parato .=.ule= is .^ado pos.iM. - --; ' ^^^^  : 

inaustrios; the .ain beaef.t i. however to be *"»; °; ^^ . 
,4.    -T-h^ rO-iDUtcr ^ ^> usea on all leve±s 

fully integrated systeiu.. me e6..put.,r ^^^-^i^es ■ 
. ■     -.^r^ i *-  for exaiTiole, orgun^^t;? 

to support and check decisions; ana i., for c  ,. 

jointing and machining cells. . -. 

^. Shown by the 1C;.M zepotts available, .any seetor= of the :. 

1C» p.oie=t have alteaay been incle.ea in the ce.rene       . 

vestigations. Men, the sectors still open, there tabo.e 

all ;ne that can also be seen in een^onction v.rtn the a-.  - 

Ues ,oin, on at 1P,V this is the sector: Test, Inspect, Ev„ 

luate. Quality Assurance. ; .,   :. ;. 

::.  \ ■ ■ o.s/Am FORCE ; 
-^-^■:   iwrEGHATEP COMPyTER AIDED MAf^yFACTUBIiau-.        ,, 

Investigations i 
iranco are given 

obiems of quaxicy 
in the Federal 

into   the   coinpiex  prot 
luch   attention 

lar.   As  a  result  of 
no   longer 

and  quality  assu 
1       ,^   -.<-   TP7\   in   'larticu Republic   in   general   and   a.   Il-i   m   ,,, 

,. ,   ._^,,  p~-,4^o-.'ialS     becoming   scarcer,   it   is 

aeeeptable  to  achieve  ,ualrty  by  .nantrty,   . prec,uct  .n.c 
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development must be. subjected to inspection prior to, during, 

and after v.-orkiny on it, so as to keep rejects as low as pos- . 

sible. The quality characteristic "reliability" not. only 

plays an important role in the lailitary field, altb.ough it is 

of greater significance there. Jt is particularly important.' 

in complicated technical oquipm.ent whore reliability is en- 

dangered by a large number of individual components,, since 

the failure of a single com.ponent may result in r.he breakdown. 

of the total system. 

For assuring the quality of a prodvict, it is necessary to 

examine the disturbance variables that m.ay occur rando; .ly or. 

systematically-the human worker, the m.ethods used in pro- 

duction, the machines and the materials involved- as to their • 

effects and the frequency with v^hich they occur.        ;   ■ --   / 

At IPA, research and development work has been performed in 

the field of noncontact sor.sors, in particular optical sen- 

sors, for a couple of years; among other things, this may in- 

volve the detection of surface imperfections (e.g. shrink holes, 

rusty spots, defects and irregularities of materials), the 

raeasureraont of geometrical bodies (such as screws, bolts, 

pressed parts) and the determination of the surface roug!\ness of 

technical surfaces. 

To demonstrate the development in this field in more detail, 

some activities v;ill be discussed at length. 
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optical measurement of surface xoughneaa   :-:;.;, ;•. 

The research activities in the field of optical roughness,.  ■ 

measurement on workpiece surfaces have experienced a sca,-^ 

gerin, rate of development since 1972. Sensors, and par ..ca- ,,. 

larly those developed in Japan have been able to produce.   .  . 

good results. Their use on the,shop floor has not however 

materialized up to the present time. ^^ ,, , 

The investigations carried out in this field at irA from . ■ . .. 

-.   ,,^.-,n-,rphTe r.-^'Ults (Figure i j - m 197 5 to 197 9 proGUced eo.npciraD^e r^^>^x 

1979/1Q80 a somewhat modified new technique for optical 

roughness measurement was eventually developed, and xt rs. 

likely that this new technique will soon be used on tne 

Shop floor, in this setup, called "^^^^^^-^^^^^^-^^^■;"' ' .^^,,^ 
there is a white-lxght bulb Chalogen bulb), wnose  .ght falls 

on the surface to be measured. The back-scattered Ixght     . 

deflected via a beam soUtter and projected on the pre uxe  , 

•v,., c-r-r-'-ion  An additional constant 
level by the image foimxng sec.xon. An , ^^-^e- 

„ 4,u„ rv^rrirteristic curve and l.axge 
light overlay lincarxzes tne charccexx^ 

, .c. vhe d-clinina trend in the "peak-tc-valley ly reduces \,nfc Qeox-Lii^i.'^^ 

pattern" (Figure 2). 

on the out-of-focus level, the optical xnformation of the 

surface to be measured is converted into electronxc xn.o.- 

mation through a photosensitive sensor (as -'^' ^.P^^;  ^ 

multiplier, or a semiconductor operational amp xfxe  w  n a 

-,■-.„>  Tn - proper statistical evaluation 
liaht-sensitive diode). In a propex 
of\he current  or voltage values carried out by a computer 

(HP 9815A, COMMODORE PET) Ixnked into the system  x. is ^ 

.. -possible to make clear assignments of the measures co.t.ast 

values to the surface parameter (R., R^) -   -. 

.'-   research work in this field is continued .. Khen the current researcn ..^L. ^ 
+-1^,--,'. H c^ evcrv likelihooG that a 

in an intensive manner, the..e xs every i  . .  ^ _.__,. ...^ ,, 

prototype of this roughno; 

1981/198.2. 

sensor will' be implem.en.ted in 
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beam splitter 

beam fan-diK tv 
polarizing-cip3 
filter 1 

7i=rrizi:S 
surface 

aperture 

beam fan-out '--i,: j 1 
>—'  ,-5-irM,~,^l 

pin hole_lJri^ i ' 
photodtode 

focal pipne 
He-Ne-Laser photomujtiplier 

\ 

speckle-pattern    n-^,«>% T^f s»i» 

... ^rv^' 
151V 1^5" 

sensing 
path 

30 pm 

d 

fameter 

output-voltage    ^■'' 
signal of the 

V 
photodetector 

0.2 

t 

' 1           .■'■ /'■ 

;\ 

j^' /i|i   ^. 

0,5 mn 1 
sensing path 

U 

o 

07 

«—• surface grinding 

•>—o spark machining 

»—«. milling 

t—» planing / 

-L/ 

-2 
510 510 

0 s 
510      pm     5-10 

average peak-to-valley height R 

Figure 1 ,: Speckle contrast method for neasuring the 

roughness on workpicce s-urfaces 
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light source 
(white light) 

constant light overlay 

Un.LUJJJ,L!.il.UJL 

surface 

phoiodetector 

optical set-up principle 

1.0 

0,6 

O.l 

n r.ij.oi 

0.1 0,2 0.5        I.O 2.0 u.T! 

Figura 2 : V.'hite-Light-Hethod for measuring the rough.- 

ness on workpiece surfaces. Characteristic■• 
■ ; ,     curves measured (T =1/1  constant light overlay) 
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Linear and area arrays of photodiodas  ■ ,■    - ',    ;. , ' ' 

The advancing development in- semiconduct-or technology 

made available optic:.,! sensors arranged in linear forw or 

in arrays. These sensors can be used for optical quality 

control. 

A 

Screw-bolt inspection ■  ; • ./ 

This inspection use.s the linear diodes, with the diodes 

being transversely arranged to the screv/ bolt's axis. If 

the screw bolt is moved in axial direction, the individual 

diodes arranged in a row will be illuminated or dir>racd, 

depending on the contour involved. By counting the bright/ 

dark elements, a length assignment can be raade, depending 

on the optical set-up involved.^ 

The values obtiained in the individual line scans are then 

linked and further processed by a PDP 11/03 computer, which 

determines the characteristic features of rhe screw bolt 

such as pitch, thread angJ.e, completeness, ■?«■■, in accordance 

with the objectives prescribed. The software permits the, 

entry of sample pieces by the "teach-in" method, and a com- 

parison can then be made with act'.ml parts. 

At the present time, the state of developrnont and the relia- 

bility of the linear diodes still leave the array diodes 

somewhat in the background. But arrays will be used for 

tasks in the future, which so far have exclusively been re- 

served for linear diodes. 

This development work is performed by IPA in parallel, i.e. 

both linear and array diodes are used to solve problems, 

so that linear diodes can immediately be replaced by arrays, 

if the technological development goes on at this rapid rate. 
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Figure 3 : Linear diodes used in screw-bolt inspection 
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Figure 5 : Signal processing in screw-bolt inspection 
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Fiaure 6 : Diode array used in screw-bolt inspection 

- Monitor imeige of a thread (100x100 diode matrix) 
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Piston-ring inspection 

Another field of. application of the- linear diode ca!T,ara 

is the optical inspactiion of surface characteristics on- 

piston rings. The purpose of this inspection is the detec- 

tion of surface defects (shrink holes, rusty spots., material 

erupti.ons etc.) which exceed a predeteriT.ined value. The se- 

quence of neasurerrient is as fo.llQv.-s: ■     . ■ 

The clamped piston ring is turned via a mOv^ablG table (ro- 

tary table). The scan start is determined on the basis of 

the signals coming fromi the linear diodes, and raeasurements 

will be made throughout the predetermined angle range. 

The individual error signals thus obtained' v;ill be accumu- 

lated and zin  error message v/ill occur as soon as the tole- 

rable cumulati\''e error is exceeded.. Piston rings falling 

below and exceeding the tolerance lim.its wil-l be separated 

by connected-in electronically controlled m.echani.cal equip- 

ment, and the piston irings can thus be detected as "go" or 

"no go". ' ■ 

' turning device 
\ 

" , . ''\ 
piston ring-. 

..photoelements tor 

Iight-irjtensity measureniorit 

lincar-scan-camera- 

Figure 7 : Experimental set--up for piston-ring inspe.ction 

:A 
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Figure   8   :   Detei-r.iination  of  neasuremGnt  positicns   for   a 

measurement  cycle ... 
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Figure 9 : Principle of covering- tiie "defect areas" 
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Figure 10 : Evaluating the video signal for determining 

the "width of defect" 
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Laser scanner 

rice which is su itable for rncasur- Tho laser scanner is a aev 
ing large dimensions (in the m.ter range) at great accuracy 

re of 100 un). In these measurements, moving 

bo inspected for holes, ir re- 
{in the range 

paner webs or metal lines can 
gularxties, inclusions, etc.  Special perxphcral computers . 

permit flexibility in the selection of tolerance Ixmrts, ■ 

so that an adaptation to the problems involved is possible 

without any major difficulties. '   • 

\ 
\ \ 

.. -A 
fan-QUt Optics plane mirror 

4y /\    \ 
i 

cylindrica! 
lens    ^^^...^TTTT^^TTTTTTTTTTTT'y.' / 

specimen's plane 

semi I'onslucent 
mirror 

liuht conductor 

TTTTTyyyTTT- 

X 
Figure 11 : Laser scan system for measurino large-size 

surfaces (metal line and paper web su-faces). 
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Figure 12 : Signal evaluation in tlic laser scanner 
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Visual Inr.pection and metrology ■ .■ ■' ""}'.'    -     - 

Typical visual' inspection tasks are. e.g. corr-.pleteness tests 

during assembly or during production r surface tests-, and tests, 

to determine the shape and position, to the extent these 

can still be recognized by visual means.    ■. ,. .   , . "^ 

The better the quality of the workpieces to be tested and 

the less frequent the sight inspector experiences a success 

in that he finds a defect,the more likely observation errors 

V7ill occur.The efficiency.of the visual inspector will reach 

a maximum degree of about 9o°„,if he detects a defective part 

every 2o seconds on the average.His efficiency will decrease 

to approximately 6o%,if too little demand or excessive demand 

is made on him. .      _ 

But it is not only the monotony linked with visual inspection 

work stations that makes visual inspection tasks pro- 

blematic in the quality assurance environment, 

but also miniaturization, particularly in the field of elec- 

tronics, and the production speeds - these increasingly set 

■'limits to visual inspection.    ., ■ 

Thus,endeavours to automate visual inspection will be made . 

whenever it becomes necessary to objectify the visual in- 

spection process, if the characteristics of the visual in- 

spection tasks can no longer be detected by visual means, or 

if a visual inspection station has to be automated for rea- 

sons of time or cost. 

One possibility to automate visual inspection stations is  ' 

the use Of picture-processing systems. . 

These systems consist of an image converter which takes the 

form of television cameras ov   diode arrays, more or less 

convenient napped memories, a picture-processing section, 

and different output facilities. 
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The Fraunhofer-lnstitut .Cyr Produktionstcchnik una- Automatx- 

sxorung has a number of such- optoelectronic picture- p.ocessxng 

systems,, which will be described in the followi.ng:.. ... 

The knowiedqe of the advantages of television systems re- ^ 

suited in the fact that research and development work xn thxs 

sector has been heavily pushed- forward. The modern image data 

collection devices, however, supply such large. volu..es of 

data that it is no longer possible for man to evaluate them  , 

by manual-visual means.: Only the drastic price fail xn the  ; ^ 

. process computer -market made it possible to develop sensor . ■ 
iystems coupled to computers, and this at relatively reason- - 

able cost. 

The interactive picture-processing system used at IPA is to 

T. -;-. t-he nroces-. inq of the. big data volumes serve as an exam.ple xn the PLOCCO....-.!.j u       . ^ 

to b^ handled. With a linear picture resolution of. 512 oy .1^ 

piCure elements, a gray-level resolution of 25-6 levels, and 

a picture-element scanning speed of nearly 15 MHz, the sxg- 

nal fields represent such an extre..ly bxg information volume 

which can only be evaluated by using special image processors. 

Since the operating speed  of such sensor  systems do^s not 

least of all play a decisxve role, and as explained above   ^ 

. with a standardized volume of image data to be handled, ^new 

aoproaches had to be found in attaining processing speecs  . 

that a-e adeauate for the applications. The development o. 

high-speed digital mapped memorxes in combination with pro- 

cessors for image preprocessing now provides the possxbxlxty 

to evaluate a picture scene within times acceptable xn prac- 

tical work. 

The tasks of such sensor systems are very versatile. It is 

therefore of qreat importance to prepare a catalog of tasks, 

whach permxts the sensor system and xts confxguratxon to be 

allocated to the special test problems. The systems for pic 

ture processing necessary for the solution of such specxal ■ 
• ,      ^..v^r,H-r-n'-V' inn] "m^svced throuqh specxal evaluation jobs are expedxenuij, x.apj-.....^.i--> 

/.hardware and software sys^tems. .        ' ; .      ; ' 

/.■ 
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If one investigates tb.e trend of developni«nt in the field-- > 

of television picture-processing systcir.s , it can- be seen 

that a nodular design of hardware and software is given   : 

preference, because of the wide rangrt of applications. The 

future fields of application of automatically, orjerating tel.^ 

vision picture-processing systenis can be divided into five 

fields of application, vith tasks allocated accordingly: 

- industrial applications 

- military applications -,.   . \ • \-  ;/';-■ . ■_ '/ / 

- biomedical  applic-ations '    / 

^   rerr.ote   reconnaissance   of  planets -       _. 

- special  applications.        _ -. '        • ■     • 

-1> ■ 

Out of this catalog of applications, industrial inspection 

problems will be dealt with here, emd in particul;ir t'no 

probiens of visual inspection and quality control.        - V •: 

Two television picture-processing systeiri.s are available for ,, 

research purposes and for carrying out jobs received from 

industry. One picture-processing systenw the scanning system, 

makes it possible to take over part of the information from any 

position of the picture field and to process this information. 

The interactive picture-processing syste:n is equipped with 

a real-time irapped memory, in which a complete television 

picture with 256 gray levels per picture ele^.ent can be di-  / 

gitized and frozen in real tirae. Both systems will be ex- 

plained in more detail on the following pages. '  : 
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TV scanning system  = ' . '  " ■ 

This systo.'for picture procesaia, consists of a tele.vi.sion 

camera manufactured by H.HAMATSU (Figure 13) and it .s charac- 

terized by its high stability, high responsiveness, hxgh 

resolution (1024 x 102. picture elen,.nts) and ^-—^^'^_^ 

to the burnt-in raster. The analog pictorial data is cxgxtxzea 

in the camera's control unit (Figur. 14) and fed xnto the 
• ■  ,,-,,-^iToi in+-er-face. Furtherraore, the 

process computer vxa a paia^lci in..e.._a ^^,„^„ 
.   -4- -ic-o r-on+-roi- t-he casera, the acceptance camera's control unxt c^.lso cou..i-0^o 

^., ,. f.^  ^„,-f,^j--r, iaaqe-prcprocesExng 
of data; it is also possxole to ,.-.rD..ri   M  t-  - 

With this unit. It is e.g. possible to improve ^el.ne.r^^^ 

capabilities of the camera and to generate binary xmage. usxng 

-a gray-level threshold that can be manually selected. 

The color converter permits colors to be allocated to a blacK- 

. and-white picture, thus making it into a oulti-color pxcture.- 

.■■^^,-,-^or.c:  1-he color converter becomes a. By suitable color axloca-^ion-.,. -uc. c^ - , 

valuable component in the visual ^udge.eat af an oKi.ct ..a,.. 

Particularly In the illu.riinatlon of hon^geuec^is gray treld. 

and in contrast examinations, n,rnor deviations in the gray 

level can only be vlouallv represented aad percervea wrth the 

allocation of false colors. " 

Real-time system -. 

^,^,-.,^^„. bv Micro Consultants Ltd. of type This system, manufaciaro<. oy i.icxu 
, -,   p   ^i-.•; ^i-/inr' a video picture xn real 

"Intellect" is capable of ax., i .izm, a .     .       ,      ^y^,^ 
^t- Tr, -1 c-ei-iconductor memory. In tnxs time- and then storxng xt xn a oCi-xcon 

.K  ^-^^i-.T ir-.co c-n be conditioned by the computer form, the dxgxtai xmcigc c„n -J- - ^^ ^^__ 
and manipulated in any manner. The scanning frequency o  ,  • ■ 
of the 8-bit A/D converter does not only ensure great system 

accuracy, but also a high reproduction quality. 
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Figure 13 : Camera with endoscope attachinenc 
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The core of the system xs the semiconductor memory with a   , " 

capacity of 255 times 512 words of 8 bxts each for storing 

two fields, i.e. 256 lines with 512 picture elei.cnts for each 

line of storage space are available per field, with a reso-  „■ 

lution of 8 bits per element. linage line and image dot are 

each defined by a 9-bit address. Since the minicomputer has ■ 

direct access to each individual image dot, it can take in- ■ ^.- 

formation our of the memory, read it in again or produce an 

image with regenerated data. Moreover, this makes the trans.;:er 

rate dependent solely on the speed of the computer.Read and 

write operations in the memory are performed completely inde- 

pendentlv from one another, so that both synchronous movements 

(cameras) and asynchronous movements {e.g. electron microscope) 

will be possible. 

This system permits numerous m.anipulations to be made under . 

hardware and software control, as e,g.: ;    - ■- 

- relocation of the image in mem.ory v.  ;, 

- special marking of specific image sections 

- image representation at reduced resolution       ;•  . . 

- image reversal 

- writing two fields one above the other 

- X-Y-coordinate determination of defined points 

- color representation. •      ;  . . 

a: This system can also be linked to high-precision camera 

e.g. to a camera of 

camera with B.T\S   exit 

^{:   t-->"At"v'"'c;n  or to anv other television e.g. to a camera oi hiV.-iAKrt-i-sij, or to ^.^ 

Software development 

At the Fraunhofer-lnstitut fur Produk-ionstechnik und Auto- 

matisierung, software for picture processing is developed tor 

a wide range of applications. ■ .   , . .. ■ 



Quality. Assurance HfMJ^'} 

The most important quisling" princi-plQ in the' developraen.t . ,   ■ 
of software is a program.architecture that is structured , 

to a great extent, so-that the possibility in softv.are      : 

development of crcatiny a modular software library as a 

universal application can be realized. 

At the IPA a concept has been developed in addition, which 

permits the individual modules to be used in the most 

different picture-processing systems. Thus, softv;are for 

geometry analysis is e.g. used on the somewhat slower 

operating scanning system as wol]: as on the interactive 

picture-processing system. Moreover, it is possible tc em- 

ploy this software when using diode cameras with a 

one-dimensional field (1024 picture elements)- in connection 

with a m.echanically movable scanning table. This system is 

also used at the IPA. , , ,   ■ - - _. 

The processing of simple b:nary images will not be aa 

sufficient where tasks are mainly to be handled in quality 

assurance and in visual inspection. In these tasks, gray- 

level analyses - both statistical and discrete have to be 

performed.   ■ | 

-" *■ 

Different methods of finding threshold values are uj;ea in 

binary picture processing. It is particularly in the geo- 

metry analysis where the finding of a suitable gray-level 

threshold is decisive, , ,. . . ... ,  . 

Picture-enhancement programs are used for correcting line- 

arity and individual shading effects, they can also elimi- 

nate faulty information or the invalidation ot -images. 

-«■. 
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Visual inspection tasiis   _  ,.- -■    .■  ■■, . \; ■ ■ :,„ ' ■ ■: -,-  , 

Conventional-v^dco systenis for insoectioB (visual in-^. /- ./ 

■spection) of products and specimens nowadays readily  "  . .;. 

lend themselves to connection of the conrniercially avail-- 

able sensors with an evaluating co:dputer.  Such systeras per- 

mit the following tes-^s to be auf6:T;atically perforiaed:  ; ,. 

completeness tests on simply asserabled parts,. damage to 

components, defects■ in workmanship, cleanness tests, pre-  . 

ferred orientation tests on grinding operations, cracking 

tests on cast parts, and structure tests on biological   . 

■preparations for examination under the microscope, etc.'   . 

:  It is however a prerequi<5ite for the automatiq carrying . ■ , 

out of such tasks to bo performed with the television 

system that the characteristics to be evaluated provide 

clear contrast conditions thro^ugh optimizing the illu- 

mination and object preparation and. if possible, lend 

■themselves to be represented by a binary image. 

AS in the optical representation in the microscope, two 

tyoes of representation are also distinguished when work- 

ing with television sensor systems: working with through- z 

light illumination and/or vertical illumination. Under 

" throughlight illumination, a workplace is represoKted     - 

in its contour and its cut-outs. This form of illumi- 

nation mostly permits the object in the scene to be ; 

clearly detected. One possible application of the through-- 

light mode is the inspection of plug connector strips . , 

or the position of the contacts in it.    .,    .  . 

Another field of application of television sensors in the 

throughlight mode is the inspection of qlass containers 

in the food industry. This task is also perform.ed in the 

throughlight mode, but it can only be autom.ated in part, 

because of the considerable deck times.  ; . ■:     ... . ... 

..• ^ 
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Figure 15 : Plug connector strip as a test object 
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Figure 16 : Enlarged representation of defective terminals 

; ','  .    (axvay from center shift)      .  '.. 

.\ 
■  '~j  , '1 



-^t^"'i'>^;f-v-*"'-'';^^'*Hr*W:C'f;'»' 

-'-_-. Quality AssurauGs 
B1 0 i! 8 i m-  "  ■■"- 34 

Figure 17 : Pressed-oart inspection ..     ■. ;;  ;■,  - 

The major part of visual inso.ction tasks is- perfc.ed^in  ■- 
the vertical illumination mode. In this field, very ax..er.nt 

visual inspection probleins have been analyzed at oar .n-   . 

stitute. The most frequently occuring tasks to be handled  . 

included; "V ,  ' ■ ^  ; v ' .■ "■    ■   :' :: , 

- recognition of damage ' ,..'.', .' ' ■;..'   ';;, ;  '■ . - 
- recognition of dirt conditions ■;.■.;... ;.:';:..,■; -- ^ 

- detection of assembly errors, and < .          ,.     l/:-      .. 

- detection of faulty coating. ,^ .. 

inquiries regarding the examination of products for danage , '^ 

came from a wide variety of production sectors. Sucn xn- 

„ _  4-"v-,'->ri -t-^-'p fol"'Owinci sectors: quiries carne e.g. trun t.-e toi.-'-   -^ 

- automotive parts manufacturing :_     • . ; - ;, • 

- manufacturing of food and drug containers      .r  _\ 

- pill manufacturing . ■    '. , " ..    . ■, 
- screw and bolt manufacturing  ■ .-■    ■.';■,,„ 

: -  manufacturing of electronic components, and  .   ;, .; 

~  manufacturing of wovens. , • ■  ■ 

The hanks to be handled -are to be represented with the aid 

of the following pictures (Figures 13 - 21), in the form 

of extracts. 
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Figure 18 : Internr.i thread, wit bout any .-k-leciH 
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Fiqure   19   :   Internal   thread,   \vitli   defocti; 
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Figure 20 : Testing a chip for defects (before bonding) 
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Figure 21 : Cracking and sh^-inkage test on piston rings 
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Apart from tests for damage, the clt^an,!iness Q£ the con- • . 

tainers (bottler, cans, cube;^, etc.). was of decisive irr.- 

■portance, in particular in the field of the food and drug 

industries. The use of television sensor systems'in these 

inspection jobs failed in this field of application because' 

of the considerable clock tines.. ■ 

In the assembly environment, it is mainly the, electronics.  . 

industry that has an interest in an. increased use of tele- 

vision sensor systems. The main inspection j-.bs iii this ...._, 

field include the supervision of the assembly of printed 

circuits and the supervision of assem.bly v/o'. k of plugs and . 

small equipment. '  --.    -    ■ . ■ 

A further field of application of television picture-pro- 

cessing systems is in the field of surface testing of coated 

plates. On the strength of the high resolution of these . 

sensor systems (2.S6 gray levels) , they are in this field 

far superior to the human worker, who can cope v;ith only   ■ 

about 20?; {50 to 60 gray levels).. 

♦ \ 

Applications in m.etrology ; ' 

Press engineering has made considerable progress over the 

.past few years. The use of multiple press tools makes it 

possible todciy to completely manufacture increasingly com- 

plex parts in rapid sequence. In contrast to this highly 

advanced production m.ethod, the quality-assuring measures 

for initial sample inspection and for in~production testing 

have not been furti.cr developed to the same extent. In ini- 

tial sample inspection and in sampling tests, acceptance- 

test times from one to three days, carried out every one 

or two hours, are the rule for a full-time inspector. The 

high costs caused by the inevitable stop times are a burden 

for the "nfonniq" oroduct "pressed part". .       ' 

.\ 
AN 

■.■A :, S ■ 
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The spectrum of parts manufactur.sd in the press shop is   ■ 
very versatile. It includsij very coinplicated v?orkpieces 

(Figure^ 22) with a large number of different cut-outs, 

beads, and angular sections, but also workpieces of simple 

geometry, which can be manufactured in very large 

Quantities. 

The stroke rate of the :!aachines. is around 5G strokes per  ,• 

minute in complicated parts, and around 180 strokes in   , ■ 
straightforward parts. Multiple tools are the rule. ■  - .. , 

Although the tools have long useful lives, there are impor- 

tant dimensions in which wear leads to quality proolems in 

further working. Another problem is the breaking out. of 

blanking punches. If not detected in time, this defect will 

result in high reject costs. -> 

n 
T' V 

w 

^£^sw„i^v:*.--.^-- 

Figure 22 : Pressed part with complicated cut-outs 

v.; 
\ 
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If an anaiysis is made of the irieasuring and supervisiQn 

job:;, perfornied on pre^s^id parts, it can be seen thai; a 

limited number of partial tasks that can be standardized 

occur again and again. These are knov/n to the engineer, 

and he can break down a complex inspection job.inno these- 

partial tasks. If these metrologieal partial tas-ks are 

.solved in terms of softv.-are and hardv/are, it v/ill be pos- 

sible to automatically inspect pressed parts v^ith the aid ; 

of the test center after a teach-in phase (Figure 23). 

Problem-orientated program modules are established for such 

partial tasks with the assistance of the built-in develop- 

.ment system. These wxll then be assembled in a task-rel.ated 

manner. 

/\ 

iJte 

FiGure 23 : Television test center for pressed partc 

'f 
\ 
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Just as in pressed parts, highly accurate .precisioh-engi-^ ■ 

neering workpieces. al:.o pose qrojt probler-s in quality  . • ■ 

assurance. To test the bottorn. plate of: a watch (Figure 24i; 

today takes about three hours.  In this case, too. the tele-: 

vision in.easurer.ient method can be used to advantage. Due 

to the extremely high der.ands made on the accuracy of such 

parts it is however necessary to increase the resolution 

of optoelectronic sensor syster^s by the inclusion of.j-e- 

chanically operatino scanning tf-blcs. This co-^binatiori per- 

mits shorter inspection tiir.es, and a quality-assurance 

. system can thus be built which doos not only orientate it- 

self at the rather doubtful sraall sampling tests, but it 

receives more data Croin the faster os^erating control systems 

Figure 24 : Bofctoi.i plate of a watqh 
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Problems in the use o;f sensor systems  ■• 

Extensive basic investigations have been conducted in- the 

field of digital picture processing since the beginning 

of the seventies. Supported by the rapid development in 

the semiconductor and cornputcr fields and also by the 

accompanying cost reduction in these fields, it has been 

possible to build picture-processing systems coupled to 

computers at reasonable costs. But the task-specific 

software development is still very cost-intensive to the 

present day. This is one of the reasons why such systems 

come into use only hesitantly. 

Further reasons which hinder the application of such sen- 

sor systems are: ■ _ ■ 

- shading effects.        ' '     ',     •,_ 

- special illumination equipment    ,       '  '. 

- too lov; clock time for ecicb. test     ■ •        ,. - . 

- sensitivity of sensors, and 

- insufficient, contrast conditions.     . ■    . 

The shading problems at least call for a hardware cor- 

rection of the picture scene. But it is often experienced 

that such a correction module is not satisfactory. Mea- 

surement must then be integral and the correction is made 

through software. This in turn partly leads to consider- 

ably longer test clock times. ?j-iother not insignificant 

aspect is the demand made on the illumination equipm.ent. 

While sim.ple plane light sources are sufficient for work- 

ing in the throughlight illumination mode, to produce 

clear contrast conditions, working in the vertical illu- 

: mination m>ode partly requires the use of rather elaborate 

special light sources. These special lighting facilities 

in part lead to a considerable increase in the system 

price. .,,.,..,., 

The test stations on the -kiop floor arc partly accomo- 

dated in a ratiier rough environ.mont  TV cameras iiave a 

very sensitive tube and must therefore be protected from.- 

external influences (vibration, heat, etc.).        . , _. 
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r, ^^ th- reflection behavior Of tncwoL^oicc--., 
Due to t-ne ii-i-i.-^- ■    .     r'-.^'e* 
•„^ r^<=   thG  contour preceding' t.u. in-,Jt.^^ 
,ng c.   tn.  co ,^.   ,,,,^   ^^   the  vertical   illurr.ir,atxon 

^^-'^""^""',r"'::; LL..aimvtaded... :,. 
.ode.   These   prohle..   a.e  ^^^^^^^^^^^^^  ,,,,   ,,30 been    : 

software ^— 1 .^^^^^!^:;;,,,^,,,.,.t algorithms: '   / developed for speciric picuaiu ennc 

(dilatation, erosion and translatxon).   ,  ■  ^ , 

■ Prospects .   . ' 

3.0..S ana the use of aiodc-a.r.v c.o.as w.U s eaa  _ 

,.„..„, ..=cIut.o„ W..1I o.te„a a„.. --;-^ ;,-;;„,.„,. 
tlors of oicturo-procMsing syr,,,c,». ^s a r.t.a- 

■.," falls  th. a.»Ucatlo„s which are now typ.oal 
tio price falls, tn-.  .. _„^^„dlcal engineer-- 
in the field of .xlitary engineering .nc n.drcal    ^  ,,.. _ 

^ing Will exoerience ccnsiderahle extension. OP^^-^^' ;^ 
.. l.stens .U1 enter the production envxronn.eut 

nic sensor system^ v  .,,,-,1-i'-^' 
,   .,, .~.lc  The tasks to be oxpectea m qualiw 

on a large s.^lc. i-c ^ . nsr^ection, geor.ictry 
assurance will particularly bo ^ ^^ -      ^^^^ 

analysis, process -^--■-°-^   f:  "controlling in- 
- operations, and pattern reoognit.on ...i   ^ 

telligent handling devices. .   ;. ,.      •; ,;  .f.- 

^       ...Gt^ach-in methods which are still neces- 
pnT-t-hpTmore, tne VA-O.^-^^  -'-" i.,,v- 
Tar  »; present, wiU largely be taken over by conpo.ter 

Tr Ip , used m divisions llKe design, develop.ont and 

:::sh.dulln, ,e.,. C», cm   for .a.in, a Prodnc 

^ 
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vs ■-,.. -m<- the dPvelonmGRt'in'prcductioR engineer-    . 
It is obvious L.nai. niu- u-i-.>--i->-i_ -  .     -- ^-   . 

\      ..,,.„, ,.,„,.„ roDid, more reasonably pricea, 
ing points towaras evei. ..oxc ...p.xa, ^„stcr-s:-' 
.ore reliable,, hrchly automated flexible .manu.ac.r.... s.ste.s. 

AS a necessary consecuence. the'demands made on the super-  ■ , . 

vising and controlling unxts will also rise,, particularly 

with respect to optical units. ' ;_■_/,■,;, - 

MUC, attention Is given to .^search and develo.^ent in opti- 

cal sensor systems, both in th. United States and in .he re 
,.,-,-7r>^-P>- +-echnolcay transfer into 

deral Republic ol Germany. 

industrial applications is definitely lagging. 

This then is the starting point for further worh r„ the -,u 

": of "sensorles", in partieular the integration o  eo»p 0. 

L„-oontact ™easur.„g syste-.s rnto the fields of ^-^''J -" 
gineer-ng. v,ith the ineroased use of sueh highly auto.a.d^ 

!:te;;, additional changes .ill "'-==,----„! l^^r 
the field of quality assurance, especally w:..h _r..,,.-. t. ^^ 

organization. These problems although only hrie„.y ou... -- 

i„ this paper, 'err. a fundamental part of the aot„v..tr.= 

the IPA. ■ ■■ ;   ■■ ■    - /■ : ■•: ; ' ; - •' 

,,   ■ ^ „£ , vide variety of optical 
^  The eyr^erience gained in the u^e c. a vio. ^..n  . -. 

rle^^or; (linear diodes, diode arrays, photosensitive ihoivi-, 

■ Ll .lements, complex linear systems, etc) has re.u  ed 

V. in a state of development at the IPA that makes x. pos..,^.le 

to lin. individual sensor types to the modular ^ ^^ ; 

The outcome is a flexible unit,, which can .e easily con.ertea 
The o^.-J ,-^-,ns.-e- rate, data reduction, ■   to changing parameters (data trcins,.e. ra _ 

cvcle sueed, etc.). ^ u-.~- 
"  ICAM project, the field of quality assurance ...  , 

ne'Tleci ted.   Tlvis   should   be   an   ar ea o: Under the 

so far been somewhat ..-., 
■ -   .ir^.ific-^ce in the aerospace mausuiy, v.he^e pre 

special signiJ:iCe..,-.et, xi ....   ....... 
- • I.. „-,>-4-e.- if ..-ssentiai. ducticn of high quality part^ i^  -^ ^ ^ ^   ..      . .  , 


